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asa GoAL

“Implement a fast and intuitive strategy for preliminary low-thrust
gravity-assist mission design”

ANALYTIC SOLUTION WITH CONTINUOUS THRUST

Generalized logarithmic spirals. Integrals of motion.

BROAD SEARCH

Branch and prune algorithm.

LOcCAL OPTIMIZATION OF CANDIDATE SOLUTIONS

Using MALTO.
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CONTENTS

Generalized logarithmic spirals.
Individual legs.

The algorithm.

Branch and Prune.

Selection.
Examples:

Asteroid deflection.

Interplanetary mission.
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Nasa GENERALIZED LOG. SPIRALS

THRUST PROFILE

ap = — 4 cost + (1 — 2¢)sin ]

r

Elliptic Parabolic Hyperbolic

CONSERVATION LAWS

2

and rvesiny = Ko
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s, INDIVIDUAL LEGS

TARGETING PROBLEM

r(ef;f,eA) — If = 0

t(0r; &,0a) —tr =0

“Flyby mode”.

Lambert-like problem, 2 egs. for

2 unknowns.

Thrust + Coast / Coast + Thrust.

Multirev solutions.

@© 2017. California Institute of Technology. Government sponsorship acknowledged 5/17



Nasa INDIVIDUAL LEGS ||

RENDEzVOUS PROBLEM

r(0f; &1,04,08) —r¢ =0
t(0:€1,04,08) —tr =0
VY(0f; £1,04,08) —Yr =0

Two additional constraints: (vr, ¥r).
Thrust + Coast + Thrust.

Condition on vf can be solved
analytically — 3 egs.
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A THE ALGORITHM

SEARCH INTERNAL
VARIABLES VARIABLES

70, Vo, 60, Yo

UNKNOWNS

LEG
1

e &, 04,(&2,0p)

FLYBY/ ty, 1y, O, (vr, Yy)
(RDZVS)

LEG

tr, 1ry O, (vp, Yr)

FLYBY/
(RDZVS)

12, ha, by 70, Vo, 60, Yo

(Repeat up to n-th leg)

FLYBY/

(RDZVS) tr, 1p, O, (vp, Yr)
Ins hy, By
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BRANCH AND PRUNE

Controls the dimension of the problem

V/I

Outgoing
trajectories
(Legi+1)

Arrival to
i-th body

Incoming ~ }
trajectories i
(Leg i) :

Pruned out . .
| Time of arrival
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SELECTION

Selection criteria during
the search phase drive
optimization step.

Collection of solutions —
post-process.

SOLUTION
CATALOG

PRUNING Rank solutions for

optimization stage.

“Hard coded” A posteriori,
flexible
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‘ ExXAMPLES

ASTEROID DEFLECTION INTERPLANETARY MISSION

PDC2017 scenario Rendezvous with Jupiter
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Nasa ASTEROID DEFLECTION

PDC2017

e Fictitious asteroid, impact July
2027.

Discovered March 2017.

Four periapsis passes: May-2017,
Sep-2020, Feb-2024, Jun-2027.

~1.5 yrs for earliest launch.

Arrival phase angle < 120°.

\ Impact
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Deflection cost / 10°

EARTH-VENUS-PDC2017 J = B(Voo - Vast)

50

ASTEROID DEFLECTION ||

Msc

Myst

451
40

T
Phase ang. < 120 deg
Phase ang. € (120,150] deg
Phase ang. > 150 deg B

351

25
20

~—PDC2017

151

| | I oA .

0
01/2019

05/2020 10/2021 02/2023 07/2024 11/2025
Arrival date (mm/yyyy)

(© 2017. California Institute of Technology. Government sponsorship acknowledged

12 /17



ASTEROID DEFLECTION ||

EMEP

Depart: Earth
10/8/2020
\ mass: 6914.5 kg
\V.: 4.74 km/s

A Arrive: PDC2017
©1/5/2024

“tof: 1184.1 days
mass: 6053.0 kg

1t v_119.77 km/s |
oMo \ T
flyby alt: 2113 km flyby alt: 16532 km
v_:4.21 km/s v_:8.52 km/s
) ‘ ‘ :
-2 -1 0 1 2

X (AU)
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Arrival date (mm/yy)

A L L A

SINGLE-FLYBY OPTIONS

Departure date (mm/yy)
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Mass fraction
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MissioONs TO JUPITER |

RESONANT FLYBY (VENUS)

5 0 5
X (AU)
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MissioONs TO JUPITER |

RESONANT FLYBY (VENUS)

0 5
X (AU)
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CONCLUSIONS

THE METHOD

e Conservation laws simplify the targeting problem.

e Computational burden: 2 or 3 equations per leg.

e Lambert-like methodology.

e Flexible: constraints + post-processing.

ResuLTs

e Generalized logarithmic spirals yield realistic seeds.

e The local optimizer converges from the initial guesses.
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Firs\;‘_ikgrals simplify the design process :
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